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ABSTRACT:  In order to better assess the nutritional status of forage grasses there has been an
increasing interest in studying the nutrient concentrations present in different parts of plant shoot.
The aim of this work was to evaluate the nitrogen and sulphur concentrations in leaf tissues of
Brachiaria brizantha cv. Marandu grown in nutrient solutions with combined rates of both nitrogen
and sulphur. An experiment was conducted in a greenhouse during the Spring season in Piracicaba-
SP, Brazil, using ground quartz as substrate. A fractionated 52 factorial design was used, with 13
combinations of nitrogen and sulphur rates in the solutions, in mg L-1, as follows: 14 and 3.2; 14 and 32;
14 and 80; 126 and 12.8; 126 and 64; 210 and 3.2; 210 and 32; 210 and 80; 336 and 12.8; 336 and 64; 462
and 3.2; 462 and 32, and 462 and 80. The experimental units were set in a randomized block design, with
four replications. Plants were harvested twice. Emerging leaves, recently expanded lamina and mature
lamina were sampled separately at each harvest time. In these three types of tissues the nitrogen
concentration was closely related to the nitrogen supply in the solution, whereas the sulphur
concentration, N:S ratio and chlorophyll meter (SPAD) readings depended upon the supply of both
nitrogen and sulphur. Mature lamina did not relate well to the changing in sulphur supply. To properly
assess the nitrogen and sulphur concentrations, N:S ratio and SPAD readings for the Marandu grass,
the two recently expanded lamina were the best tissues to indicate the availability of both nitrogen
and sulphur in the nutrient solution.
Key words: Brachiaria brizantha, nitrogen concentration, sulphur concentration, N:S ratio, leaf
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NITROGÊNIO E ENXOFRE NO CAPIM-MARANDU:
RELAÇÃO ENTRE SUPRIMENTO E CONCENTRAÇÃO
NOS TECIDOS FOLIARES
RESUMO: Há clara demanda de conhecimento da concentração de nutrientes nos componentes da
parte aérea das plantas para subsidiar a avaliação do estado nutricional das gramíneas forrageiras.
Para contribuir nessa área, objetivou-se avaliar as concentrações de nitrogênio e enxofre em tecidos
foliares da Brachiaria brizantha cv. Marandu, cultivada em solução nutritiva com doses combinadas
de nitrogênio e de enxofre. Foi conduzido um experimento em casa de vegetação no período da
primavera, em Piracicaba-SP, empregando sílica como substrato. Utilizou-se um esquema fatorial 52
fracionado, com 13 combinações das doses de nitrogênio e enxofre na solução, em mg L-1: 14 e 3,2;
14 e 32; 14 e 80; 126 e 12,8; 126 e 64; 210 e 3,2; 210 e 32; 210 e 80; 336 e 12,8; 336 e 64; 462 e 3,2; 462
e 32 e 462 e 80. As unidades experimentais foram distribuídas segundo o delineamento de blocos ao
acaso, com quatro repetições. Foram realizados dois cortes nas plantas e, em cada um, foram
amostradas as folhas emergentes, as lâminas de folhas recém-expandidas e as lâminas de folhas
maduras. Nos três tipos de tecidos amostrados, a concentração de nitrogênio foi estritamente
relacionada ao suprimento de nitrogênio, enquanto a concentração de enxofre, a relação N:S e o
valor SPAD dependeram do fornecimento tanto de nitrogênio como de enxofre. As lâminas de
folhas maduras não refletiram a variação no suprimento de enxofre. Na avaliação das concentrações
de nitrogênio e de enxofre, da relação N:S e do valor SPAD no capim-Marandu as lâminas de folhas
recém-expandidas foram as melhores indicadoras da disponibilidade de nitrogênio e enxofre no
meio de crescimento.
Palavras-chave: Brachiaria brizantha, concentração de nitrogênio, concentração de enxofre, relação
N:S, diagnose foliar
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INTRODUCTION
Low nutrient availability in pasture soils is one
of the greatest constraints for forage productivity and
quality. Nitrogen is the main limiting nutrient in estab-
lished swards. Sulphur, which has lower plant demand
than nitrogen, has been neglected in Brazilian pasture
fertilization. Nitrogen deficient forages do not respond
to sulphur supply (Jones, 1963). Millard et al. (1985)
stated that the ratio between the nitrogen and sulphur
applied as fertilizer is a key point for determining sul-
phur needs and Lolium perenne response to sulphur
application. Also, pastures fertilized with high nitrogen
rates require greater sulphur supply (Werner &
Monteiro, 1988).
Nutrient concentration in plant tissues has
been used as the main tool for nutritional diagnosis.
However, the use of the ratio between nitrogen and
sulphur is recommended in addition to their respec-
tive elemental concentrations (Dijkshoorn & Lampe,
1960; Marschner, 1995). Furthermore, chlorophyll
meter readings (SPAD) are used to evaluate the
nitrogen nutrition of some species, as apple (Nielsen
et al., 1995), corn (Dwyer et al., 1991), and sorghum
and pigeon pea (Yamamoto et al., 2002), but infor-
mation is scarce for forage grasses (Colozza, 1998).
Traditionally whole plant shoots are sampled
for forage nutritional diagnosis (Stevens, 1985;
Monteiro, 2004; Hitsuda et al., 2005), however, at-
tempts have been made in collecting and analyzing
parts of the forage plant tops. (Werner & Haag, 1972;
Meirelles et al., 1988; Mattos, 1997; Santos, 1997;
Manarin, 2000; Pereira, 2001; Gislum et al., 2003;
Cherney et al., 2004).
The objective of the present study was to de-
termine the concentrations of nitrogen and sulphur and
the N:S ratios in three plant shoot parts, as well as
SPAD values in the newly expanded leaves, as a func-
tion of nitrogen and sulphur supply for the Marandu
grass.
MATERIAL AND METHODS
A greenhouse experiment was conducted dur-
ing the Spring season at Piracicaba, State of São Paulo,
Brazil (22º42’ S; 47º38’ W) with the forage grass
Brachiaria brizantha Marandu cultivar, grown in 3.6
L plastic pots filled with ground quartz.
Combinations of nitrogen and sulphur rates
were tested in nutrient solutions. Five nitrogen rates
(14; 126; 210; 336 and 462 mg L-1) and five sulphur
rates (3.2; 12.8; 32; 64 and 80 mg L-1) were combined
in a fractionated 52 factorial based on Littell & Mott
(1975), and the resulting 13 combinations were: 14/
3.2; 14/32; 14/80; 126/12.8; 126/64; 210/3.2; 210/32;
210/80; 336/12.8; 336.64; 462/3.2; 462/32 and 462/
80 mg L-1. All nutrient solutions were prepared by
modifying the Sarruge (1975) complete solution. The
experiment was set in a randomized block design, with
four replications.
Plants were harvested twice. The first harvest
occurred 39 days after seedlings transplant to pots
while the second occurred 40 days after the first. At
each harvest, three leaf tissues were collected from
plant shoots: a) emergent leaves (EL, leaves not fully
expanded); b) newly expanded lamina leaf (NL, lamina
of the two most recently expanded leaves); mature leaf
lamina (ML, lamina of all other expanded leaves). Plant
material was dried to a constant weight in an air-cir-
culating oven set at 70oC. Dried samples were ground
in a Willey mill and stored in plastic bags prior to labo-
ratory analysis. Nitrogen (micro Kjeldahl method) and
sulphur (turbidimetric method) concentrations were
determined according to the methodology presented by
Sarruge & Haag (1974).
The SPAD value was determined using the
Chlorophyll Meter SPAD-502 (Soil-Plant Analysis De-
velopment, Minolta, 1989). This value was obtained
non-destructively on the +2 fully expanded leaf (sec-
ond expanded leaf from the top of the shoot). Deter-
minations were made in the first plant growth period,
when five readings were taken on plants from each
pot with the apparatus sensor at the one-third portion
in the middle of the lamina, taking care to avoid the
midrib.
Data were analyzed through the Statistical
Analysis System (SAS Institute, 1996), starting with
the ANOVA. Response surface methodology was ap-
plied using the Response Surface Regression (RSREG)
procedure when the nitrogen x sulphur interaction was
significant. For data without significance for this in-
teraction, the General Linear Model (GLM) procedure
was used for the first and second degree regression
analysis. The significance level for all statistical analysis
was 5%.
RESULTS AND DISCUSSION
Nitrogen in leaf tissues
The interaction between nitrogen and sulphur
rates applied to Marandu grass was not significant for
the nitrogen concentration in emergent leaves, newly
expanded leaf lamina and mature leaf lamina sampled
at the first harvest. However, nitrogen rates affect the
nitrogen concentrations in all three types of leaf tis-
sues (Figure 1). This nutrient concentration was in-
creased by 2.1 to 2.6 fold when the nitrogen supply
changed from 14 to 462 mg L-1 in solution.
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At any nitrogen rate, the nitrogen concentra-
tion in emergent leaves and newly expanded leaf lamina
was higher than in mature leaf lamina (Figure 1). Plants
transfer nitrogen to younger tissues, which import
higher amounts of nutrients than they export prior to
reaching maturity (Marschner, 1995).
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Figure 1 - (a) Nitrogen concentration in emergent leaves (EL), (b)
in newly expanded leaf lamina (NL), and (c) in mature
leaf lamina (ML) collected at the first harvest of
Marandu grass, as related to the nitrogen rates in
nutrient solution.
Both the increase in nitrogen concentrations in
all three types of leaf tissues and the highest concen-
tration of this nutrient being in the youngest leaves may
contribute to cattle nutrition in grazed pastures fertil-
ized with nitrogen as a consequence of the animal pref-
erence for leaves in the shoot.
For the nitrogen concentration in those tissues
sampled at the second harvest of Marandu grass, the
interaction between nitrogen and sulphur was only sig-
nificant for the emergent leaves. Otherwise the con-
centration of this nutrient was increased by nitrogen
rates (Figure 2). On the other hand, nitrogen concen-
tration in mature leaf lamina did not change signifi-
cantly at this sampling time.
Figure 2 - (a) Nitrogen concentration in emergent leaves (EL) as
related to the nitrogen and sulphur rates combinations,
and (b) in newly expanded leaf lamina (NL) in relation
to the nitrogen rates, at the second harvest of Marandu
grass.
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The greatest nitrogen concentrations (about 20
to 22 g kg-1) in emergent leaves sampled at the sec-
ond harvest were found for the highest nitrogen rates
(more than 400 mg L-1) combined with sulphur at least
in the intermediate rates (more than 40 mg L-1) (Fig-
ure 2a). This need of sulphur supply together with ni-
trogen was explained by Stevens (1985) through the
requirement of an adequate ratio in the supply of both
nutrients in order to prevent imbalance in their ratio in
plant proteins.
Nitrogen concentration range in the newly ex-
panded leaf lamina was lower at the second sampling
time (9.3 to 16.9 g kg-1) than at the first one (16.1 to
31.0 g kg-1). However, in this leaf tissue collected at
the second harvest nitrogen concentration linearly in-
creased as the nitrogen supply was enhanced (Figure
2b). Such increase in nutrient concentration in leaves
was also observed for canarygrass (Phalaris
arundinaceae) by Cherney et al. (2004) and for
ryegrass (Lolium perenne cv. Tivoli) by Gislum et al.
(2003).
With the nitrogen supply at 14 mg L-1 (much
lower than the 210 mg L-1 recommend in the Sarruge’s
nutrient solution), nitrogen concentrations in the
sampled leaf tissues (EL, NL and ML) at the two har-
vests ranged from 9 to 17 g kg-1. In such situations
Marandu grass had short size, with short length and
yellowish leaf lamina. According to Werner (1986),
these symptoms indicate nitrogen deficiency in forage
grasses.
The two newly expanded leaf lamina have been
suggested to be sampled for nutritional diagnosis in
forage grasses, and the critical level for nitrogen has
been determined within the range of 14.4 to 22.0 g
kg-1 (Santos, 1997; Colozza, 1998; Manarin, 2000;
Monteiro, 2004). Depending on the rate of nitrogen in
the nutrient solution, this shoot part revealed the ni-
trogen status (deficiency or adequate nutrition) for
Marandu grass, confirming that it is very useful for
diagnosis purposes.
Sulphur in leaf tissues
The nitrogen x sulphur interaction was signifi-
cant for sulphur concentration in the newly expanded
leaf lamina collected at the first harvest (Figure 3) and
in three types of leaf tissues sampled at the second
harvest (Figure 4) of Marandu grass.
Newly expanded leaf lamina sampled at both
harvests (Figures 3 and 4b) had the lowest sulphur
concentrations when Marandu grass was supplied with
low sulphur (about 3.2 mg L-1) rates in the nutrient
solution, mainly at the high nitrogen rates (about 462
mg L-1 during the first growth period and above 126
mg L-1 during the second). Otherwise, the highest leaf
lamina (any one of them) sulphur concentrations (near
or above 2 g kg-1) were found in plants supplied with
high rates of sulphur (about 80 mg L-1), even in nutri-
ent solution with high nitrogen rates. As these newly
expanded leaf lamina had similar variations in sulphur
concentrations at both sampling times and also well
reproduced the changes in the supply of this nutrient
to roots, even in a wide range of nitrogen rates, this
shoot part can be confirmed as the recommended plant
tissue for sulphur nutrition diagnosis in Marandu grass.
Sulphur concentration in the emergent leaves
of Marandu grass at the second harvest (Figure 4a)
was very low (lower than 1 g kg-1) in a condition of
very low sulphur supply, at any nitrogen rate in the
nutrient solution. Plants receiving high nitrogen and
sulphur rates had emergent leaves with high sulphur
concentrations (greater than 2 g kg-1).
Unlike the emergent leaves and newly expanded
leaf lamina, mature leaf lamina had sulphur concen-
tration with higher sensitivity to nitrogen than to sul-
phur in the nutrient solution (Figure 4c). Sulphur con-
centrations in mature leaf lamina ranged from 0.32 to
2.30 g kg-1, but they did not express sulphur supply
to the roots of this forage. This finding is not in agree-
ment with one of the basic assumptions for the use
of this leaf tissue for diagnostic purposes, and it can-
not be recommended for sulphur nutritional diagnosis
of Marandu grass (Malavolta et al., 1997).
N:S ratio in leaf tissues
The interaction between nitrogen and sulphur
rates for the Marandu grass was significant for the N:S
ratio in emergent leaves and mature leaf lamina col-
Figure 3 - Sulphur concentration in the newly expanded leaf
lamina (NL) at the first harvest of Marandu grass, as
related to the nitrogen and sulphur rates combinations.
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Figure 4 - (a) Sulphur concentration in emergent leaves (EL), (b)
in newly expanded leaf lamina (NL), and (c) in mature
leaf lamina (ML) (c) collected at the first harvest of
Marandu grass, as related to the nitrogen and sulphur
rates combinations.
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Figure 5 - (a) N:S ratio in emergent leaves (EL), and (b) in mature
leaf lamina (ML) collected at the first harvest of
Marandu grass, as related to the nitrogen and sulphur
rates combinations.
lected at both harvests, and also in newly expanded
leaf lamina sampled at the end of the second growth
of this forage (Figures 5 and 6). The use of nutrient
concentration ratios has been proposed to enhance the
precision of tissue assays by minimizing the effects
of the kind of the sampled plant part, tissue age,
growth rate and other factors (Duke & Reisenauer,
1986).
Werner & Monteiro (1988) revised a series of
studies on the N:S ratio for forages, and pointed out
that this ratio usually ranges from 12:1 to 17:1 in well
supplied grasses with both nitrogen and sulphur. The
results reported in the present study for three types
of leaf tissues collected from Marandu grass demon-
strated a much larger range, with values ranging from
5 to 35 in the young leaf tissues (Figures 5a, 6a, and
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6b) and reached 20 in the mature leaf lamina (Figures
5b and 6c). This lower N:S ratio in mature tissues can
be explained by the high nitrogen mobility from older
to younger tissues while such mobility does not oc-
cur with sulphur (Marschner, 1995; Mengel & Kirkby,
2001).
The highest variation in the N:S ratio (from
2.8:1 to 37.2:1) was obtained in the newly expanded
leaf lamina. Again, this confirms the high sensitivity
of this leaf tissue in reflecting changes in sulphur sup-
ply to roots, and recommendation to use this shoot part
for nutritional diagnosis. Also, Santos (1997) and
Monteiro et al. (2004b) reported similar findings for
Brachiaria decumbens and Panicum maximum cv.
Tanzânia.
Very low N:S ratios (lower than 5) were found
in the sampled leaf tissues when nitrogen was supplied
at low rates (about 14 mg L-1) in combination
with intermediate or high sulphur rates (from 40 to
80 mg L-1). Such low ratios result from sulphur ex-
cess in relation to nitrogen (Dijkshoorn & van Wijk,
1967; Werner & Monteiro, 1988). This is in agreement
with the suggestion of Monteiro et al. (2004b) that sul-
phur fertilization of pasture grasses should be recom-
mended when these forages are well fertilized with ni-
trogen. Stevens (1985) emphasized that both nitrogen
and sulphur supply are directly related and they must
be in plant tissues in adequate proportions and amounts
for the optimal synthesis of protein. In the search on
the effects of sulphur supply on nitrogen absorption
and assimilation by ryegrass, Millard et al. (1985) re-
ported changes in the N:S ratio due to increased plant
tissue nitrogen concentrations and reduced plant sul-
phur concentrations.
The highest N:S ratios for Marandu grass
leaf tissues arise from both the low sulphur (about
3.2 mg L-1) and high nitrogen (about 462 mg L-1) rates
(Figures 5 and 6). This was clearly related to sulphur
deficiency in the grass (Dijkshoorn & van Wijk, 1967;
Werner & Monteiro, 1988). It is worthwhile to em-
phasize the ability of younger tissues in exhibiting
higher N:S ratios than mature leaves, which makes it
easy to identify sulphur deficiency when such tissues
are sampled. Emergent leaves and newly expanded leaf
lamina were observed to be appropriated for the iden-
tification of sulphur nutritional disorders and the newly
expanded leaves were superior to the emergent ones,
since they had wider N:S ratios. Therefore, newly ex-
panded leaf lamina is suggested as the best plant tis-
sue for sulphur nutrition diagnosis in Marandu grass.
This is in agreement with Mattos (1997), Santos
(1997), Manarin (2000), Pereira (2001) and Monteiro
et al. (2004a) for forage grasses.
Figure 6 - (a) N:S ratio in emergent leaves (EL), (b) in newly
expanded leaf lamina (NL), and (c) in mature leaf lamina
(ML) collected at the second harvest of Marandu grass,
as related to the nitrogen and sulphur rates
combinations.
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These results emphasize the importance of us-
ing the diagnostic leaf for analyses of plant tissues.
Pasricha & Fox (1993) pointed out that although N:S
ratios have been used successfully to diagnose sulphur
needs over a wide range of S nutrition, considerable
fluctuations in this ratio have been reported as sulphur
levels in plants approach adequacy and that one of the
problems of using N:S ratios is that S is a relatively
immobile nutrient in plants. When new plant tissues
were sampled and analyzed, these problems with the
N:S ratio were overcome.
SPAD
The interaction between nitrogen and sulphur
rates was significant for the chlorophyll SPAD values
determined on the newly expanded leaf lamina at the
two harvests of Marandu grass (Figure 7). Mattos
(2001) also reported the significance for such inter-
action when the SPAD values were measured for
Brachiaria decumbens.
At the first growth period of Marandu grass,
the SPAD values were mainly affected by nitrogen rates
when combined with high sulphur rates (Figure 7a).
However, during the second growth of the grass,
SPAD values were highly influenced by nitrogen and
sulphur supply, at any rate of both (Figure 7b). At this
growth rate and with high nitrogen supply (higher than
350 mg L-1), high SPAD readings were found only for
intermediate or high sulphur rates (at least 40 mg L-1).
The relevance of SPAD for nutritional diagno-
sis purposes (mainly for nitrogen) in forage grasses is
well described elsewhere (Santos, 1997; Manarin, 2000).
The finding of this effect of sulphur together with ni-
trogen supply for this parameter suggests caution in the
use of SPAD as the only tool for determining the nitro-
gen status of forage grasses. This concern was also
raised by Hermann & Taube (2005); when discussing
the possibility of luxury nitrogen consumption by plants
without detection through the chlorophyll meter.  This
would require sulphur status monitoring in the plants
for an effective SPAD use for diagnostic purposes.
CONCLUSIONS
• Nitrogen concentration in emergent leaves, newly
expanded leaves lamina and mature leaves is directly
related to the nitrogen supply;
• Sulphur concentration, N:S ratio and SPAD in leaf
tissues depended on both sulphur and nitrogen sup-
plies;
• Mature leaf lamina nutrient concentrations and SPAD
do not accurately indicate sulphur supply;
• Newly expanded leaf laminas are adequate indicators
of the nitrogen and sulphur supplies.
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